Introduction
The HYMEX (Hydrological Mediterranean Experiment) is an interdisciplinary and multidisciplinary project that analyses all the components involved in the water cycle in the Mediterranean, with emphases on the predictability and evolution of intense events by monitoring and modelling the Mediterranean coupled system and its variability in the context of global change (for more information see http: //www.hymex.org). The project is structured into five working groups, two of which have a direct relationship with floods and/or flash floods: the WG3, which deals with heavy precipitation and flash flooding, mainly from the hydrometeorological point of view; and the WG5, which focuses on evaluating the societal and economical impact of extreme events and climate change and the adaptation capacity.
Contributions from the HYMEX project to the knowledge of floods and flash floods are numerous and include very different approaches. Indeed, solely in terms of societal impact analysis, it can be addressed from different points of view and disciplines (Llasat et al., 2011a) that range from analysis of social perception and communication (Llasat et al., 2009 (Llasat et al., , 2011b to the various kinds of vulnerability analysis (Lumbroso and Vinet, 2011) , including studies focusing on damage and claims to insurance companies or meteorological services Barberia et al., 2011; Barredo et al., 2012) , warning processes and temporal variability or climate change impact (Grimalt and Rosselló, 2010; Llasat et al., 2010a ). An important activity of WG5 members is the reconstruction of past floods and flash floods events using post-event surveys (Ruin et al., 2008) , research for historical information (Grimalt and Rosselló, 2011) and the building of databases as sources of information (Llasat et al., 2010b (Llasat et al., , 2011c .
The implementation of databases requires an enormous effort not always recognised. The initial problem lies in the data required for this kind of approach. This clearly depends on the research objective, but the most usual are data from insurance companies, newspapers, specific post-event questionnaires, damage refund requests or technical reports, which in most cases have to be completed with hydrometeorological data. Problems due to heterogeneity, lack of data and incorrect information accepted as public and published can be the source of intrinsic mistakes (Petrucci, 2012; Petrucci and Pasqua, 2008, 2009; Polemio and Petrucci, 2012) , and it is not unusual to find contradictory data on damage, number of victims (especially for the oldest events), date of the events, and so on. However, having good quality information from past flood events is imperative for improving flood damage assessment, as the EU Floods Directive (2007/60/EC) indicates and the present COST Action ES0901 (FloodFreq) and the recently started project of the European Research Council, FloodChange, confirm.
Building a database on heavy rainfalls and floods in the Mediterranean region is not a new question. In 1991, the AMHY/FRIEND project from UNESCO (Alpine and Mediterranean Hydrology-Flow Regimes from International Experimental and Network Data) started a database that included -in addition to rainfall and flow data for different stations -heavy rainfall and flood events (Llasat et al., 1999; Servat et al., 2002) and that clearly revealed the great differences concerning the concept of "heavy rainfall" in different countries and the difficulty of obtaining objective data for flood events. Some years after, the WMO/WCRP project MEDEX (Mediterranean Experiment) made a selection of the major flood, heavy rainfall and storm events in the Mediterranean, recorded between 1996 and 2001, in order to undertake a complete meteorological analysis thereof and relate them with potential cyclogenesis phenomena. This database was extended to the whole period 1990-2006 by the Societal Impact Research Group of MEDEX and by the European FLASH project (Price et al., 2011) . The major flash-flood events analysed within the framework of the HY-DRATE project (Gaume et al., 2009) , were also considered. A total of 185 flood events that had occurred in the Mediterranean region were identified for the period 1990-2006. The work revealed the numerous difficulties in obtaining information from some regions or countries, criteria disagreements and lack of data. In spite of this, it was an advance in the knowledge of the Mediterranean distribution of floods. The question thus remains open.
The database presented in this study centres on some specific regions of Spain, France and Italy in which flash floods are frequent, although the idea is to include more regions in the future. To state some figures that show the importance of these regions: on 25 September 1962 a flash flood in Catalonia produced more than 815 casualties and 2650 million Ptas-worth (more than 532.7 Million Euros in inflation-adjusted (2011) values) of direct material losses; the flash-flood event of 8 and 9 September 2002 affected a total number of 6 French Departments, with damage of 1200 million C (830 million for the Department of Gard, Languedoc-Roussillon) and 25 casualties. In Calabria, one of the severest events occurred in 1951, causing 101 victims and leaving 4500 homeless: road interruptions were so numerous that communications between coastal villages were possible only by sea. More recently, in September 2000, a local flood event with debris flow affected a campsite located in Soverato, leaving 13 casualties. In the Balearic Islands, the 6 September 1989 flash flood affecting the eastern coast of Mallorca produced 3 casualties and damage to tourist infrastructures, private houses, streets, roads and bridges; a total economic valuation of thousands of millions of pesetas in damage was made and the area received official help following its declaration as catastrophe zone.
The paper starts with a brief introduction about the actual databases on floods, moves then to a presentation of the HYMEX database and follows with the presentation of some results and their temporal and spatial distribution.
Selected regions for building the preliminary floods
database of HYMEX Figure 1 shows the regions selected for this study, while some of their main geographic and climatic features are showed in Table 1 . The selected regions are Catalonia and the Balearic Islands in Spain, Languedoc-Roussillon, Midi-Pyrénées and Provence-Alpes Côte d'Azur in France, and Calabria in Italy. These regions were selected because they constitute a representative example of the NW Mediterranean region, and the authors of this paper have direct access to the information that has been introduced in the database, a factor that favours future homogenization of criteria and discussions, quality controls, and so on. There are two regions that are representatives of Mediterranean Spain, the third region is in the south of Italy and the last three are representative of the south of France, where flash-floods are frequent. 
Comparison between different criteria and existing flood databases
The first step when a new database on flood events is built is to define the criteria to select the events and data that will be included, as well as which could constitute added value of this effort in the light of the databases already existing. Nowadays, most of the studies focusing on the economic and societal impact in a region are based on global databases ( (Barredo, 2009) . These databases are also used to identify major events, drawing up comparative statistics and writing official reports that can be determinant in policymakers' decisions. One reason is the large area covered by the databases, but the second one lies in the difficulty of obtaining data about damage and recovery from national and private insurance companies and national and local administrations. These databases provide very useful information about catastrophic events, but for regional or local studies it is necessary to consider it with caution because, usually, they have a built-in bias towards indirect sources or consider only the information provided by some insurance companies that do not cover the entire affected regions. A second question lies in the lack of unanimity of criteria for selecting events that can be due to various reasons, such as disagreement over the evaluation of damage from different points of view, the difficulty of obtaining quantitative information and the agenda.
Another possibility involves working with national or regional flood databases, such as those included in Table 3 . The PRIM-NET database (MEDDTL, 2011) refers to all natural disasters in France and only includes catastrophic events; for this analysis only data for Languedoc-Roussillon MidiPyrénées and PACA have been considered. The Spanish floods database of the Civil Protection agency contains the major floods recorded in Spain from 1995 to 2010, but due to restrictive economic conditions it had not been updated at the moment for some regions, including Catalonia. In this case there are no specific criteria for deciding whether or not an event should be included in the database, though generally all the main events are recorded. The "Consorcio de Compensación de Seguros", a Spanish national reinsurance company (Barredo et al., 2012 ) also has a database, but it is not for public distribution. For Italy, the national database of landslides and floods that occurred in the 20th century, named AVI, was available; data essentially came from newspapers, and historically affected areas were mapped at 1 : 100 000 scale (Guzzetti et al., 1994) . The sources for building these databases were very heterogeneous, including press news, insurance data, reports from different companies or university groups and so on. Finally, it is also possible to find local or regional databases (Table 4) . These have been usually developed within the framework of regional administration orders, or supported by public projects plus non-financed work (i.e. INUNGAMA), or, as for ASICAL, within the framework of collaborations between public research institutions (i.e. CNR-IRPI and the University of Calabria). The advantage of these databases lies in the possibility of having more detailed information obtained from detailed surveys undertaken at regional or sub-regional scale. Table 5 shows an example of the most usual procedure followed for building local/regional databases: it is a long and hard process that is usually only evaluated in its complexity by those that have participated in similar processes.
The ASICAL (Italian acronym for historically flooded areas in Calabria) floods and landslides database contains events since the 19th century (Petrucci and Pasqua, 2008, 2009) in the Calabria region (southern Italy). Data came from various sources such as newspapers, archives of national and regional agencies, scientific and technical reports, and so on. For more recent cases, on-site survey reports drawn up during the event emergency management by the staff of either CNR-IRPI or regional agencies such as Civil Protection and River Basins Authority are also available, as well as information collected by interviewing the people involved and local administrators. This database has been continuously updated by both the results of local historical research and data coming from the daily survey of regional newspapers; currently it contains about 2300 records of floods that occurred in the most intensely studied period, between 1880 and 2011. In fact, even if flood damage data are available for oldest epochs, the historical research is usually focused on the period for which hydrological data also started to be available; for the majority of Calabria rain gauges this coincides with the end of 19th century/beginning of 20th century .
On the other hand, data on river flows are almost absent, mainly because of the torrential regimen of Calabrian water courses, locally known as "fiumare" and widely diffused throughout the entire Mediterranean basin. The INUNGAMA floods database refers to Catalonia (Northeast Spain) and was created in 2007 (Barnolas and Llasat, 2007a) . This database also includes floods for the three main rivers in Catalonia, since the 14th century (Barnolas and Llasat, 2007b) , and recently it has been updated to complete the present study. This database considers No all the events that have produced any minor or major societal impact. The main source of information for the last 30 yr has been the press, because for non-permanent torrential rivers, the ones most frequently affected by floods, systematic river flow data are unavailable. However, some scientific reports and hydrometeorological data have also been used to complete the information. Usually, insurances companies do not provide detailed information for each event, and only for some specific cases was it possible to recover it. Overall, for the period 1900-2010, this database contains 365 flood and flash-flood events, which are included in a GIS support. The University of Balearic Islands floods database contains heavy rainfall and flash flood events recorded between 1403 and 2011 for the islands of Majorca, Menorca, Ibiza and Formentera. It is updated yearly if information about events exist. The selection criteria were the existence of information about a flood event. The dates of the events and the affected basins and catchments were located using sources such as regional newspapers, local weekly papers, and regional and local administration reports and theses (i.e. Grimalt, 1992) . On-site survey data was used mainly for the period 1990-2010.
The common database
The period 1981-2010 has been selected as reference in order to have a minimum period of 30 yr in length that could be considered as a climatic period. This restriction has allowed filling each local database with more information in order to achieve a "homogeneous" period in the sense that any heterogeneity would have been introduced as a consequence of non-systematic research.
Taking as a departure point the databases presented previously for Catalonia (INUNGAMA) and the Balearic Islands (the UIB Database), Languedoc-Roussillon, Midi-Pyrénées and PACA (PRIM-NET) and Calabria (ASICAL) (Fig. 1) , and after a completion process, a common database has been built. The final idea is to define a methodology that could be applied to other regions in order to obtain a homogeneous and complete Mediterranean flood database (the HYMEX Societal Impact database, FLOODHYMEX).
A common database called FLOODHYMEX has been built using EXCEL. For each event information about the following items were sought: -Date; it contains the first and last day of the entire event,
i.e. from the initial day of heavy rainfalls to the day of the last floods.
-Information about the event localization:
-region -administrative region affected by the event (i.e. Department of Midi-Pyrénées);
-main areas affected by the event -using the internal administrative boundaries of each region in each country (county, municipality, etc.); -overflowed river catchment, when known.
-Kind of event: floods (FL), flash floods (FF), landslides (LS). Usually the identification of flash flood is furnished by the data provider; on the other hand, all the events that last one day or less are considered as flash flood. Other secondary phenomena that can be simultaneous with the precipitation event are also included: TO (tornado), HL (hail), SN (snow), and SW (strong wind). Thunderstorms were not included because it is difficult to have systematic information about lightning production over the entire period.
-Main hydrometeorological features: some hydrological (maximum peak flow and/or daily flow) and meteorological data (maximum precipitation recorded in 24 h and/or during the entire event), and river and place in which they were recorded. This information is not available for all the cases, because for most of them no gauge station exists. The objective of this information is to obtain a preliminary approach to the magnitude of the event. Table 5 . Main steps in the creation of local flood databases -number of casualties;
-circumstances related with the deaths -people dragged away by water while they were crossing the fluvial course, dead in a campsite, dead in a building or due to an accident or unknown causes;
-number of casualties estimated in EM-DAT and NATHAN databases;
-number of injured people, when such information is available.
-Information about damage:
-damage description -the indicators defined to distinguish between different kinds of damage included roads/streets, bridges, cars dragged away (and number), railways, buildings, monuments/historical sites, electricity/telephone lines, aqueducts/drainage systems/gas pipelines, embankments/dams/retaining walls, industry, commerce/handcraft, tourism, agriculture/farming, public services malfunction.
-Economic evaluation: this section relates to local damage (where known) or total damage. Where known, the insured damages are also shown.
-Preliminary common classification on the basis of flood impact and following the criteria shown in : 0 (ordinary), 1 (extraordinary), 2 (catastrophic). This kind of classification is usual when historical floods are analysed (Camuffo and Enzi, 1996; Barriendos et al., 2003; Barrera et al., 2006 ).
-Documentation sources.
The main problems found when the common database had been built were the following:
-to find river flow data; this happens because Mediterranean rivers typically show an ephemeral regimen, which hampers systematic discharge measurements.
-To find rainfall data and select data sufficiently representative (in space and time) of the hydrometeorological severity of the event. Some indicators on the duration of the rain and the extent of the area to be analysed (in term of rainfall) should be defined.
-To find an objective criterion to separate one event from another, during prolonged rainy periods.
-To have accurate information about damage (public and private) and casualties. In some countries data from insurance companies are not public. The most usual situation in bibliography is working with factors involved in losses of life (Jonkman and Vrijling, 2008; Di Mauro et al., 2012; Ruin et al., 2008 ).
-To find data sources that can be considered reliable, we often use newspapers, but a large part of the scientific community considers this kind of source unreliable.
-The accuracy of damage data included in a data-series can vary greatly, and in such cases data should be labelled according to their level of detail.
-To find a criterion to geographically reference damage data, because floods affected areas that can be delimited only by means of on-site surveys (which cannot be performed for past events). -To set a table of damageable elements and indicators that is simple and usable in different geographical contexts.
-Some minor flood events are not reported in the press and go unnoticed; on the other hand, "major" databases only contain catastrophic events and can introduce an overestimation of the effects of these events.
Regional distribution
385 flood events (ordinary, extraordinary and catastrophic) were recorded for the six regions and for the period 1981-2010. 19 % of these events produced casualties, and 61.1 % of that percentage can be attributed to catastrophic floods. Table 6 shows that the maximum contribution is the one from Catalonia, which also includes minor floods. Most particularly, in this region only 10.3 % of the flood events can be considered as catastrophic, 53.5 % can be classified as extraordinary flood events, while 36.2 % are only ordinary floods. The percentage of catastrophic events recorded in Calabria and the Balearic Islands was 33.6 and 22.2 %, respectively, while these figures for extraordinary floods are 37 and 77 %, respectively. This fact shows the great contribution of extraordinary floods in the Balearic Islands. In the case of the French regions only catastrophic floods have been included. A comparison with the EM-DAT and NATHAN databases shows that these global databases do not include all the catastrophic events that had arisen in a region; only 23 cases from 385 flood events have been recorded in the EM-DAT database and this figure decreases to 8 cases when we refer to the NATHAN. The case of Catalonia is relevant, with only one flood event included in the NATHAN database, and only 6 in the EM-DAT database, when more than 210 flood events producing damage have been identified. It is interesting to note that NATHAN does not report any event for Calabria (or for the Balearic Islands), even though the so-called Soverato event (SE Calabria), which killed 13 people, and after which the Italian government issued a decree imposing the mapping of hydrogeological risk in urbanised sectors, occurred in 2000, then in the period covered by the Munich Re database. In the same line, southeast France has recorded 29 catastrophic events on the period 1981-2010, of which only 12 are included in the NATHAN database.
Another interesting observation is that non-catastrophic events can also cause deaths. In the case of Catalonia, 38 % of the deaths have been as a consequence of extraordinary or ordinary floods, similar in this case to the Balearic Islands, with 36.56 %. They were usually people dragged along by flash floods when crossing torrential streams, and could usually have been avoided if more precautions had been taken. Table 7 shows that this is the most usual cause of their death. Events that seriously affect a campsite are not frequent, but in the cases that do occur, they are very catastrophic. This is the case of the flash flood that occurred on 7 September 2000 (Calabria, Soverato), with 13 casualties, and of another on 22 September 1992 in France (Vaison-La-Romaine, Paca, Vaucluse Dept.) that led to 47 deaths (15 were in a campsite). People who died as an indirect consequence of the floods have been also considered in the database (i.e. the case of a woman who died of a heart attack when her home was inundated).
The Appendix Table A1 contains all the catastrophic floods recorded between 1981 and 2010 in the selected regions. The objective of this table is to give the reader information for future studies, and it has not been analysed in depth in this study. This is the reason why only some general comments will be made. A total number of 95 events have been identified, but in light of present knowledge of the evolution and tracking of Mediterranean storms, it is possible to identify some potential common catastrophic events that affected two or more regions. This is the case, for instance, of the event recorded between 5 and 9 September 2005 that produced flash floods in the Catalonia (Spain) and PACA (France) regions, and that also recorded a tornado and some waterspouts near Barcelona, and more than 36 400 lightning flashes in Catalonia. The highest accumulated precipitations during the entire event were of 165 mm in 48 h in Catalonia, where more than 100 mm were recorded in 24 h, but it was worst near the Cevennes, where 210 mm were recorded in 3 h on 6 September, and maximum total precipitation recorded in 48 h was 324 mm. As a consequence of this catastrophic event, 2 people died in France and 2 more in Spain; material losses surpassed 9 million euros in Catalonia, and 90 million euros in France. It was not the first time that a catastrophic flood event occurring in SE France had started in Spain (i.e. September 1992, November 1982 or November 1988), a fact that points to the importance of having a collaborative strategy to improve early warning.
When a catastrophic flood arises, the most usual effect is on the roads and railways network: nearly all these events have caused cuts in roads, streets and railways (with partial destruction on some occasions), and 44 % have damaged or destroyed some bridges. The services sector is also usually affected, and nearly 55 % of the events caused interruptions of electricity and telephone lines, while a similar percentage of events caused damage to other public infrastructures such as aqueducts, drainage systems, embankments, dams or retaining walls. Of 95 events, more than 75 % caused major damage to buildings and nearly 17 % to monuments and historical sites. This high percentage reveals again the problem of urbanisation in flood-prone areas. Finally, the direct damage distribution by productive activities was also analysed on the basis of the number of events that had affected each sector. Results show that the worst affected one was agriculture (62 % of the cases), followed by commerce and handcraft (54 %), tourism (45 %) and industry (29 %). Figure 2 shows the monthly distribution of flood events by category. Although floods can occur at any time of the year, we could consider the "flood season" to be from August to January, with a maximum in autumn (48.1 %) of the events. This percentage is close to that of 54.7 % obtained for the Mediterranean region as a whole for the period 1990-2006 (Llasat et al., 2010b) . The autumn contribution is particularly important for the Balearic Islands and SE France, with more than 60 % of the flood events concentrated in that season, but it is also important to insist on the high frequency of summer floods in Catalonia, with a percentage of 32.4 %, and winter floods in Calabria, with its maximum annual percentage of 40.2 % (Fig. 3) . Of the total number of catastrophic floods (Fig. 4) , more than 18 % were recorded in Catalonia during the summer months, with 9 % in June. September is the "worst" month in SE France, because it registers 27.6 % of the total annual catastrophic floods, while for the Balearic Islands it is October (50 %), and for Catalonia the distribution between October and November is the same, with 27 % for each month. The behaviour of Calabria is completely different, having a maximum in January of 25 %. This fact is consistent with the annual rainfall distribution in this region that records a maximum in winter, compared with the bimodal monthly distribution more typical of the other regions (Altava-Ortiz et al., 2010) . March is the month with the smallest number of catastrophic floods, with Calabria being the only region that has recorded some cases in the period of study. Then, from a regional point of view, Catalonia, the Balearic Islands and SE France can be considered in the same "flood" region, characterised by a maximum concentration of catastrophic floods in autumn, with percentages that range from 62.1 % for SE France, to 87.5 % for the Balearic Islands). On the other hand, Calabria presents a more homogeneous distribution of catastrophic floods between autumn (33.3 %) and winter (44.4 %).
Temporal distribution
Floods occurring in summer and autumn are usually flash floods that mainly affect small and torrential catchments in the coastal region, causing the largest number of casualties, mainly due to high population density in the affected zone, the lack of knowledge of the people about the danger of torrential flows, and/or some difficulties in emergency management (Fig. 5) . In this sense, 18.7 % of the total number of events produced one or more casualties. Catalonia and SE France experienced the greatest number of casualties, with 110 and 186, respectively, and it is important to note the fatal impact of some extraordinary floods arising in August among tourists and people on holiday. Indeed, 10 people died in Catalonia in August over the period of study.
The interannual analysis for this period of 30 years does not show any trend for catastrophic floods in any of the regions (Fig. 6) , a fact that is in agreement with studies relating to the longest series . On the other hand, extraordinary floods show a positive trend in Catalonia, mainly related with the increase of autumn flash floods and their impact due to increasing urbanization in flood-prone areas near torrential and non-permanent streams, on the coast (Llasat et al., 2010a) , as well as in Calabria, although in this case it is not significant. Significance of this trend has been obtained by applying a circular "bootstrap" technique that is shown in Turco and Llasat (2011) . Considering the total annual number of floods for all the regions, a positive trend of 0.25 floods yr −1 was obtained, as for the extraordinary ones, which show a trend of 0.13 floods yr −1 , with both trends significant at 95 % (Fig. 7) .
Conclusions
A common database that covers a period of 30 yr, 1981-2010, is being built within the framework of the HYMEX programme. The main objectives of this database are to obtain a complete list of floods and flash flood events that have affected the region of study in order to provide useful information for future studies; to evaluate the importance of minor but frequent events that usually are not considered; to identify those events that have affected large regions in order to conduct future studies; and to improve the knowledge of fatalities due to floods and the circumstances of the deaths, the economic impact and its evolution, and the societal perception and factors involved. They also have to answer the need for an accurate and standardised monitoring of damage (human and material) and the possibility of testing the connection between the hazard data (rainfall threshold, specific discharge) and the consequences of floods. Eventually, this database might prove to be a great help in assessing the efficiency of the mitigation measures and the possibility of improving them.
In this preliminary study, 385 flood events (including flash-flood events) that affected one or more of the selected regions (Catalonia and the Balearic Islands in Spain, Languedoc-Roussillon Midi-Pyrénées and Provence-Alpes Côte d'Azur in France, and Calabria in Italy) were identified. 55.3 % of these events affected Catalonia, 27.7 % Calabria, 9.3 % Balearic Islands and 7.5 %, the south of France. Most of them produced extraordinary floods (47.2 %), while only 24.6 % were catastrophic events. As a consequence of these 385 flood events, 333 people have died, mainly due to catastrophic events (46.3 % of catastrophic events produced casualties), but also due to extraordinary floods (10.4 % of these flood events produced casualties). Considering the total number of casualties, 5 % of them have been as a consequence of extraordinary floods associated with minor damage. 55 % of the victims were swept away by the water when crossing torrential streams, which points to the possibility of reducing the number of casualties through better risk awareness.
Comparison with the EM-DAT and NATHAN databases has shown that these global databases do not include all the catastrophic events that occurred in the regions of study for the period analysed, nor all the casualties or the extraordinary floods. Indeed, only 5.9 % of the identified events in the FLOODHYMEX database are included in the EM-DAT databases, and this percentage decreases to 2 % when we refer to the NATHAN database.
Catastrophic floods usually produce traffic disruption and, in some occasions partial destruction of the roads and railway network and bridges. The services sector is also usually affected, and more than 80 % of the events caused major damage to buildings or monuments and to historical sites. The worst affected (by direct damage) productive sector is agriculture (62 % of the cases), followed by commerce and handicrafts (54 %), tourism (45 %) and industry (29 %). However, it is difficult to obtain detailed information from each event about damage or specifying the number of roads, buildings, and so on, affected, and consequently they can be considered only as qualitative indicators. Unfortunately, detailed information from insurances companies is not available either.
Although autumn is the most flood-prone season (with the exception of Calabria, in which it is winter), floods may be also recorded in summer, connected with short convective processes that affect torrential rivers, usually located at the coast in very densely populated areas with substantial tourist activity. In spite of catastrophic floods not showing a significant positive trend, the total number of floods does show an increase of 0.25 floods yr −1 , which is probably related with a change in the uses of soil, but also with an increasing vulnerability.
